VOLUME XIX NUMBER 6 


WHOLE NUMBER 150 


THE JOURNAL 
OF 
THE ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


DEVOTED TO THE ADVANCEMENT OF ASTRONOMY AND ALLIED SCIENCES 


EDITOR 
A. CHANT 
University of Toronto, Toronto 


ASSOCIATE EDITORS 


J. S. PLASKETT SIR FREDERIC STUPART $ 
Director of the Dominion Astrophysical Director of the Meteorological Service 
Observatory, Victoria, B.C. of Canada, Toronto 


R. MELDRUM STEWART 
Director of the Dominton Observatory, Ottawa 


PUBLISHED MONTHLY 
(Ten numbers per year) 


October, 1925 


PRINTED FOR THE SOCIETY 
TORONTO: 198 COLLEGE ST. 


FOREIGN AGENTS: WHELDON & WESLEY LTD. 
ARTHUR STREET, NEW OXFORD STREET, LONDON, W.C.2 


i 
| 
VS off 
a. 


THE JOURNAL 
ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


VoL. XIX, No. 6 OCTOBER, 1925 WHOLE No. 
Articles 


The Rotation Effects of the St. Lawrence Earthquake of February 
28, 1925 - - - - - - Ernest A. Hodgson 
Superficial Factors in Resthchdibes - - Robert W. Sayies 
A Fine Aurora - - - - - - - J.A. Pearce 
The Riddle of Phi Persei- - - - - J. F. Frédette 
The International Astronomical Union of Cambridge F. Henroteau 
International Co-operation for the Study of Cepheid Variables 
F. Henroteau 
A Co-operative Scheme for Observing the Lumiansity i the Night 
Sky - - - - J. A. Pearce 
The Portland Meeting of the American Association for the Advance- 
ment of Science - - - - - J. A. Pearce 
Notes and Queries 
The Society's General Treasurer; Further Verification of the Einstein 
Theory; Many Brilliant Auroral Displays; Ball Lightning; 
Telling the Time by the Stars; Studies of Mars ea, ee 


Corrections to Mr. J. A. Pearce’s Paper - - - - - 216 


Upon request, made previous to publication of article, contributors 
will be supplied free either with fifty copies of the issue containing the 
article, or with the sheets containing the article stitched in a printed 
cover. If separate reprints are desired the cost will be as follows: 


| 4 pp. | 8 pp. 12 pp. | 16 pp. | 20 pp. | 24 pp. 


50 copies $3 50 $6 50 | $9 50 | $10 00 | $13 00 | $16 00 
100 copies 4 00 7 00 10 00 11 00 14 00 18 00 
200 copies 4 50 8 00 11 00 12 00 15 50 20 00 


Covers, extra, 50 copies, $1.50; 100 copies, $2.00; 200 copies, $2.50. 

Business correspondence, remittances, etc., should be addressed to H. W. 
Barker, Treasurer of the Society, 198 College Street, Toronto. 

Communications regarding Library matters should be addressed to the 
Librarian. 

$2.00 per annum. Single numbers, 25 cents. 

Subscription to the JouRNAL is included in membership fee. 


id 

aa 

PAGE 
| 


PLATE III 


Fig. 1 (above). Small stone in Riviere Quelle Cemetery lifted clear of pins. 


Fig. 2 (below). Row of monuments in Riviere Ouelle Cemetery, all fallen 
south-east. 
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At the International 


Upper (left to right): Stratton, Nicholson, Fowler, Brown, Jackson, 


Mrs. Jackson. 
Lower (left to right): 
Andoyer, Fabry. 
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THE ROTATION EFFECTS OF THE ST. LAWRENCE 
EARTHQUAKE OF FEBRUARY 28, 1925. 


By Ernest A. Hopcson 


Many peculiar effects of earthquakes are reported from seismic 
regions. None are more difficult to account for than the strange 
rotations given to buildings, heavy articles of furniture, monu- 
ments in cemeteries, etc. These effects were very marked in the 
epicentral region of the St. Lawrence earthquake of February 
28th, 1925. At one point in the investigation it was thought that 
a study of these effects might throw some light upon the problem 
of the exact location of the epicentre. For this reason they 
received more attention than their value for this purpose has 
proved to warrant. 

This paper will give the data discovered in this study of rotation 
effects and wll serve to show the interesting phenomenon in some 
detail, indicating, too, the negative results of the investigation for 
location purposes. 

The results of all the material at hand point to an epicentre 
in the region north of the St. Lawrence and south of the Saguenay 
rivers. This section is practically unsettled, and no one was there 
at the time of the earthquake except some lumbermen in the 
camps of various companies working on their timber limits. The 
north and south shores of the St Lawrence from Quebec to below 
the mouth of the Saguenay show the greatest effects of the shock, 
the maximum effects being from Baie St. Paul to Tadoussac on 
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the north shore and from L’Islet to Riviere du Loup on the south 
shore. The map indicates, in a general way, the position of most 
of the places to be referred to in the discussion. 

The earthquake happened at 9-19-20 p.m. E. S. T., Saturday, 
February 28, 1925. The first trip of inspection was begun March 
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Map of the region between the St. Lawrence and Saguenay Rivers, showing 
the location of the places referred to in the article. 


5 and continued until March 21, the points visited, in order, 
being:—Murray Bay, Pointe-au-Pic, Baie St. Paul, St Urbain, 
Quebec, Lake St. John region to St. Felician, Chicoutimi, Bay 
Ha! Ha!, Levis, Riviere Ouelle, St. Pacome, Ste. Anne de la Poca- 
tiere, Riviere du Loup, Trois Pistoles and Shawinigan Falls. A 
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second trip, partly of inspection but chiefly for thé purpose of in- 
stalling a seismograph at Ste. Anne de la Pocatiere, was begun 
April 2 and continued to April 17. The places visited, in order, 
were :—Ste. Anne de la Pocatiere, Ste. Louise, Riviere du Loup, 
Notre Dame du Lac, Edmundston, St. Pascal, Kamouraska, St. 
Philippe de Neri, St. Denis, Mt. Carmel, Riviere Ouelle and St. 


Pacome. 


Rotation effects are confined, as a rule, to the region close to 
the epicentre in which the vertical component of the earth’s motion 
is greatest. On arrival at Malbaie, on the evening of Friday, 
March 7th, several examples of rotation effects were observed. 
The iron cross on top of the tower of the college at Malbaie was 
rotated contra-clockwise through an angle of about forty degrees, 
or possibly through an angle of about a hundred and thirty degrees 
in a clockwise turn. As the cross has no distinguishing face as 
viewed from the street it was impossible to say definitely the 
direction of the twist. At the time it was not doubted that the 
turn had been contra-clockwise, but further study of the effects 
in and about Pointe-au-Pic and Murray Bay showed that nearly 
all the rotations had been clockwise in that region. The show 
cases in the stores at Pointe-au-Pic were rotated clockwise through 
an angle of about twenty degrees. The large statue near the 
church at the same town was rotated before it fell, but the amount 
and direction of the twist could not be determined. A pool table 
was also found to have rotated clockwise. At the Cabot manor 
beyond Murray Bay to the east, the more northerly of the two 
great chimneys was turned clockwise through an angle of about 
thirty degrees. The stone work was badly disintegrated and the 
marble plate forming the front of the fire place, at the level of 
the second floor, in this chimney was splintered as if it had been 
grasped by giant hands above and below and twisted. The soil 
at this place is deep and loamy. 


The cemetery at Malbaie was visited, by request, by Mr. Hector 
Warren, a civil engineer of Pointe-au-Pic, who reported that no 
monuments had turned, but all that had been affected had fallen, 
the directions being various. 
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So we may close our reference to the section of Pointe-au-Pic 
and Murray Bay by saying that the rotations were generally small 
and nearly all clockwise, but that the complete overthrow of most 
loose objects made a decision as to direction doubtful in some 
cases. The reason assigned for the small rotations found is that 
the soil was so shallow that falls were more common than turns. 

On visiting Baie St. Paul and St. Urbain more examples of 
turn were found. The soil at these places is much deeper, both 
being situated in the valley of the River Gouffe. All the rotations 
observed here were clockwise. A striking example was found in 
a great statue in a niche high up in the wall of the front of the 
church at Baie St. Paul. This statue was turned more than forty 
degrees clockwise. 

At the time these visits were made the possible value of these 
rotations in the determinaiton of the epicentre had not yet been 
thought of. Consequently the observations of rotation effects are 
limited to the more striking cases. A letter was sent to Dr. 
Tremblay of Baie St. Paul on April 25th asking him to visit the 
cemetery at that place and report any examples of turn. His 
letter reports that the monuments which had rotated in the ceme- 
tery there did so in a clockwise direction. 

The observations of rotations on the south shore during the 
second visit were responsible for the letter to Dr. Tremblay and 
also raised the question of possible rotation effects at St. Hilarion 
between St. Urbain and Murray Bay, and at St. Simeon and 
Tadoussac below Murray Bay. Accordingly, letters were sent to 
the parish priests at St. Hilarion and St. Simeon and to the mayor 
of Tadoussac with the followng results:—Rev. Father Gauthier 
of St. Simeon reported that the monuments had rotated clockwise. 
Mr. Ernest Bourgoing of Tadoussac reported that none of the 
monuments in the cemetery there had been turned. No reply was 
received from St. Hilarion. No rotation effects were observed 
at Qnebec nor in the Chicoutimi, Bay Ha! Ha! or Lake St. John 
regions. 

Evidently then the rotations on the north shore were confined 
to a section between Baie St. Paul and St. Simeon, were found 
on deep soil areas and were in nearly every case, clockwise ro- 
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tations, The violence of the movement—overthrowing rather than 
rotating—the shallow soil, the scarcity of buildings and the fact 
that the rotation effects were not considered important at first, 
result in few observations being recorded for north shore points. 

It is difficult to preserve the chronological sequence of the 
observations in the order of this paper and at the same time 
treat one geographical section at a time. The first inspection trip 
closed with a visit to the south shore of the St. Lawrence, and 
in this part of the first trip and throughout the second, which 
was altogether on the south shore, a determined effort was made 
to find some law of rotation which might point to the epicentre. 

The rotations found on the south shore were much more 
numerous, and at first these appeared to be all contra-clockwise. 
For a time it was thought that the rule of clockwise rotations on 
the north shore and contra-clockwise rotations on the south shore 
could be stated without having to enumerate any considerable num- 
ber of exceptions. But while the rule holds for almost all the 
cases to the north, many exceptions of note were found to the 
south. 

The observations along the south shore were made from Mont- 
magny to Riviere du Loup. These were mostly confined to the 
various cemeteries, as the evidence of rotation was there very 
marked and the stones were not yet restored to order after a 
period of a month to six weeks. The stones in the cemetery at 
Montmagny and at L’Islet were reported undisturbed, but no 
official inspection was made at either place. At St. Roch, about 
nine miles west of Ste. Anne de la Pocatiere, and on the St. 
Lawrence River no damage was found on an official visit to the 
cemetery on April 24th. 

At Ste. Louise—almost as far west as St. Roch but several 
miles south from the bank of the St. Lawrence—the cemetery 
showed considerable evidence of twist when visited April 4th. 
There are two cemeteries there within a few hundred yards of 
each other. Every large monument but one had shifted, turning 
contra-clockwise on their bases. Only one of these had fallen. 
The one which had not turned stood between two equally large 
and apparently as well set up, both twisted contra-clockwise. 
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It was after this visit to Ste. Louise that the idea of the value 
of rotation observations for location work was first held. All 
previous observations noting the direction of twist had been on 
the north shore and all that were in mind at the time were clock- 
wise. Here was a cemetery on the south shore in which every 
stone that had turned had rotated contra-clockwise: the question 
arose as to whether all the rotations on the south shore had been 
contra-clockwise. |The cemeteries already visited on the south 
shore were re-visited with this idea in mind; all which had not 
been inspected were looked over now and questionnaires sent to 
all places on the north shore where competent observers were 
known to be available. 

The results of the visits to the various cemeteries were inter- 
esting indeed, but so far no use has been found for them in giving 
any satisfactory information as to the position of the main fault 
line disturbed. A visit to Ste. Anne de la Pocatiere cemetery 
gave the most decided contradiction to the rule suggested by the 
visit to Ste. Louise. This cemetery stands on a slight slope facing 
north-west—a low rocky ridge being behind it and a small ridge of 
rock between it and the St. Lawrence about a mile and a half away. 
A short drive or a walk runs north-west and south-east dividing 
the cemetery into two equal sections. Of the forty-seven large 
monuments in this cemetery twenty-one were not disurbed. Of 
the remainder the majority had turned clockwise—not contra- 
clockwise as was expected. Moreover, most of the contra-clock- 
wise turns were in the case of monuments south-west of the 
centre path and the clockwise turns were in general found north- 
east of this path. There were no trees in the cemetery proper 
and thus no roots to cause any difference in the direction of turn. 

The cemetery at St. Pacome is not. more than two miles east 
of Ste. Anne de la Pocatiere, but it is much farther from the 
river. The cemetery is small and not many large monuments 
are to be found there. Most of these are not very old. None 
were noted with dates earlier than 1915. The cemetery is quite 
level and the soil is deep. Five monuments had been affected. 
Two turned contra-clockwise and two clockwise. There was no 
rule as to the position of these in the cemetery. One monument, 
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a very heavy one, broke into three sections and appears to have 
been twisted apart, as the sections were disposed about it in a 
semi-circle. If this theory is correct the rotation was contra- 
clockwise. 

Riviere Ouelle Valley is a wide plain of very deep alluvial soil. 
It lies north of St. Pacome and east of Ste. Anne de la Pocatiere. 
It is in this parish that most of the damage was done. This does 
not mean that the epicentre was just at Riviere Ouelle, but it does 
indicate that the fault line affected was not very distant. The con- 
tributing factor which resulted in the great damage was the depth 
of soil. The church at Riviere Ouelle—a stone building about 
fifty years old—was so badly wrecked by the earthquake that the 
stone work has had to be torn down and rebuilt. The cemetery 
in connection is in three areas—a “very old” plot north and east 
of the church, an “old” section south and west: of the church, and 
a “modern” plot north and west of the “old” one. 

The very old graveyard had no monuments of any size and no 
rotations were observable. The old section has many monuments, 
but large trees grow there and examination of the rotations and 
displacements showed that the falls were to every point of the 
compass and the rotations were clockwise and contra-clockwise 
promiscuously. This is probably due to the fact that the monu- 
ments were old and were slightly disturbed by the tree roots. 

One curious effect was noted in this old section which should 


be mentioned here, as it offers a suggestion as to the mechanism: 


by which some of the rotations may have been effected. The 
picture—figure 1—shows a small monument in the old cemetery. 
It weighs about 200 pounds and stood on a base with two pins 
about three inches long projecting into it above the surface of the 
base This stone was thrown off the base and clear of the pins, as 
if by a direct vertical thrust. 

In the same section a tall monument had on top of it a marble 
cross. A pin entered the base of the cross from the top of the 
monument. This pin projects three and a quarter inches above 
the monument and is a half inch in diameter. The monument 
without the cross is about seven feet high and the cross four feet 
and a half high with a spread of two feet. This cross was thrown 
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clear of the pin and fell at the side of the monument. The pin 
was not bent at all. These two bits of evidence seem to indicate 
a severe vertical movement at Riviere Ouelle. In the church other 
evidences of the same thing appear. The organ pipes were thrust 
up clear of their sockets and fell into the auditorium, clearing the 
rail of the organ loft. 

The monuments in the modern section were all comparatively 
new. There are no trees, the ground is level and the monuments 
well placed. All were disturbed. Many fell, and when they did 
fall the direction was invariably south-east. Figure 2 shows the 
agreement in direction of a row of monuments in this area and 
gives some idea of the nature of the ground. 

The other cases to be noted at Riviere Ouelle were within a 
hundred feet of this row of fallen monuments. They differed 
from these only in being heavier. Every rotation in this new plot 
was contra-clockwise and the amount of turn was a maximum 
here. Figure 3 shows the effect upon a very heavy monument erected 
by Monsieur Letellier de St. Just. The base was undisturbed, the 
column rotated about forty-five degrees contra-clockwise, and the 
small cap above rotated in all ninety degrees contra-clockwise as 
evidenced by small patches of moss partly on the cap and partly 
on the column. The cross fell but the direction in which it originally 
lay could not be determined. It is to be noted that there are no 
pins in the central axis of this monument about which the column 
could rotate. The small monument shown in Figure 1, which was 
displaced from the two pins, stood several hundred yards behind 
the Letellier monument, in the background beyond the snow bank. 
Vertical movement was certainly present there. It doesn’t seem 
possible that the vertical shock was sufficient to throw this great 
monument into the air, the turn of the base with the ground being 
accomplished while the upper sections were for the instant removed. 
Any theory of the way in which the turn was accomplished which 
has been advanced so far can be contradicted by evidence at other 
monuments within a few yards. That there was a decided lateral 
movement can be readily seen in the case of the row of monuments 
fallen south-east. These are within twenty feet of this Letellier 
monument. 
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The most interesting example of turn stands within fifty feet of 
these monuments and will be referred to in conclusion. It is desir- 
able to digress at this point to note the effects at cemeteries farther 
east. These point out very clearly that the monument must have 
considerable mass if rotation is to take place or even if damage is 
to result. Figures 4 and 5 show sections of the cemetery at St. 
Pascal, about ten miles east of Riviere Quelle. Practically: every 
large monument in this cemetery was damaged. All rotated contra- 
clockwise but one, which rotated clockwise. The photograph shows 
a turned and partly fallen monument and a section of the graveyard 
where the small headstones were placed. These were practi- 
cally undamaged by the shock as appears in the photograph. Figure 
5 shows a row of monuments, the first turned contra-clockwise, the 
second clockwise (the only turn in this direction) and the others 
contra-clockwise. 

Between Riviere Ouelle and St. Pascal is St. Philippe de Neri. 
There was slight damage in that cemetery and none in the church. 
One monument showed a slight contra-clockwise turn. At St. 
Denis north of St. Philippe the churchyard was old; two monu- 
ments turned clockwise and two contra-clockwise. At Mt. Carmel, 
three miles south of St. Philippe, no effect whatever could be ob- 
served in the cemetery or church, or in the village. At Kamouraska, 
north of St. Pascal, no turns were observed. The cemetery and 
church stand near the bank of the St. Lawrence, but the soil is 
very shallow and the rock close to the surface. At Riviere du 
Loup one slight displacement, accompanied by a contra-clockwise 
turn, was observed in the Catholic cemetery In the Anglican ceme- 
tery no effect whatever could be found. 

One outstanding example of turn was found at Riviere Ouelle. 
To prevent an anti-climax a description of it has been reserved for 
a concluding paragraph. The monument, as shown in Figure 6, 
consists of a heavy base, two similar vertical columns and a top 
cap stone covering both, the whole surmounted by a stone cross. 
No pins were between any of the sections of this monument and 
no cement was used to bind them. After the earthquake the left 
hand column was found rotated through forty degrees and the right 
hand column through forty-five degrees, both in a contra-clockwise 
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or “south shore” direction. The cap and its surmounting cross were 
undisturbed. How the earth moved to effect such a result in this 
heavy monument is indeed a problem. 

.The study of the rotation effects has then resulted as follows :— 

1. They do not give any indication of location other than the 
general one that rotations occur only relatively close to the epicentre. 

2. ‘The rotations are greatly affected by depth of soil; the deepe 
the soil the greater the rotation for any given distance from the 
epicentre. 

3. Generally speaking the rotations north of the St. Lawrence 
are clockwise ; those south of the St Lawrence are contra-clockwise. 

4. The number of observations on the north shore were limited, 
due to the fact that rotation effects were not thought of as a special 
line of study until after leaving the north shore for the south on 
the trip of inspection. Also the number of places at which observa- 
tions could be made were fewer. There are, however, practically 
no observed exceptions to the clockwise rule on the north shore. 

5. There are a considerable number of exceptions to the contra- 
clockwise rule on the south shore, especially at Ste. Anne de la 
Pocatiere. 

6. Rotations are evidently affected by slope of the graveyard 
and by tree roots near individual monuments. 

7. No reasonable theory connecting all the observed phenomena 
has been arrived at. 


Dominion Observatory, Ottawa, Canada. 
September 12, 1925. 
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SUPERFICIAL FACTORS IN EARTHQUAKES* 
By Ropert W. SAYLEs 


N considering the earthquakes in New England and eastern 
Quebec of this last winter, especially the quakes of January 7 
and February 28, attention is called to a factor which has been too 
much neglected. Several writers have written on this subject of 
the superficial factors, such as barometric pressures, diurnal hours 
of high and low barometric pressures or the ‘‘so-called”’ tropical 
hours, the tides and rainfall. The earthquake of February 28 is 
particularly interesting in that two of these factors, barometric 
pressure and deficiency of rainfall, appear to have played an 
important part. 

The earthquake of January 7 was probably to the east of Cape 
Ann, and not many miles off shore. The fault on which this 
movement took place has not been located. The earthquake of 
February 28 appears to have had its origin near the mouth of the 
Saguenay River. The large amount of destruction in the villages 
near the mouth of the Saguenay, and the records of the distance on 
the Harvard and Ottawa seismographs indicate that here the 
greatest intensity took place. Strains that finally result in earth- 
quakes usually go on for a long period of time, sometimes measured 
in many years, before the final crack comes; so in the quake under 
discussion the release came suddenly when conditions were just 
right. If New England is a rising area, anything which would 
tend to make its land lighter would increase the strain along the 
fault. A deficiency of rainfall and a low barometric pressure 
would be the two most effective ways of making the land lighter. 

According to the data collected at the Blue Hill Observatory, 
we had a deficiency of about 8.1 inches of rainfall in New England 
during the five months previous to March 1, 1925. Reservoirs 
had been low, hydraulic power plants had had to shut down in 


*From Science, slightly abridged. 
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many cases for lack of water, wells had gone dry and in many 
places there had been good cause for worry. The quake of January 
7 was preceded by three months of very dry weather and im- 
mediately followed by rain and a normal rainfall for that month. 
Then during February there was a deficiency again in rainfall, and 
then the quake of the 28th, which was likewise followed by rain as 
in January. Just before the quake of the 28th, on the 26th, we 
had the lowest barometric pressure going over New England, 
recorded in two years, 28.96 inches at Boston. This low pressure 
area went northeastwardly, and when it reached the Saguenay 
region, where there is a weak place in the crust, the crust gave 
way and we had the earthquake. It is true that the lowest pressure 
had passed on to the east before the shock came, but there is often 
a lagging effect in earth processes. In the opinion of the writer, 
the deficiency in rainfall and the very low pressure acting together 
was the straw that broke the camel's back. 

At first thought it does not seem possible that a few inches of 
rainfall could affect the crust of the earth perceptibly, but when it 
is realized that the crust is so sensitive that seismographs can be 
used for predicting storms, which foretell their coming by a tilt in 
the ground great enough to swing the stylus connected with the 
pendulum in a direction opposite to that from which the storm 
is coming, it must be realized that the earth’s crust is sensitive 
indeed. This tilting of the ground on the approach of a storm is 
due to the lowering of the air pressure over the storm centre, 
which results in an extremely slight bulge in the ground over that 
area. When the barometer goes down one inch it means that .49 
of a pound is taken off of each square inch of the earth’s surface. 
This means that over each square mile in the area of lowest pressure 
before the quake of the 28th, the weight taken off the earth was 
over a million tons, so, as the area passed on northeastwardly, a 
great part of New England was relieved of a tremendous weight, 
and when the low pressure passed the weight came back again in 
higher pressure. So it is the alternate coming and going of low 
and high pressure areas that cause the stylus of the seismograph 
to swing slowly back and forth. 

Now turning to the rainfall, the writer has calculated that the 
weight of eight inches of rain over all New England is a weight 
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beyond comprehension. It is 38,260,224,000 tons. A deficiency 
of eight inches of rain, therefore, is equivalent to taking that same 
weight off New England. This, together with the abnormally 
low ground water, and last but not least the extremely low baro- 
metric pressure of February 26 to 28 over New England, might 
well be the set of circumstances which “set off’’ the shock of 
February 28. In making this calculation the area of New England 
was taken at 66,424 square miles, and the weight of one inch of 
rain for one square mile at 72,000 tons. No allowance was made 
for runoff and evaporation, so the above figure may be too high 
for the rainfall deficiency, but too low for the total deficiency of 
water, because the weight of the missing ground water could not 
be figured and included in the total, as it should be theoretically. 
To this figure of over thirty-eight billion tons must be added the 
much larger figure which would result from an estimate of the area 
affected by the drought in New York state and eastern Canada. 
Surely the addition of this area would triple the above calculation. 


It may be objected that during other periods of low water and 
low barometric pressure we have had no quakes, but it must be 
remembered that a quake cannot take place unless the strain is 
ripe enough for it, whatever the rainfall and barometric pressure 
may be. The shock would come without these aids eventually. 
The rainfall and low barometric pressure are looked upon merely 
as the finger that pulls the trigger. In a sinking area heavy rainfall 
and high barometric pressure would bring on the final shock, but 
here in New England which is for the most part a rising area, it is 
reasonable to suppose that a low rainfall and low barometric 
pressure would be the deciding factors. In other words, rainfall 
and air pressure do not bring about the same results in the same 
way. 

In 1912 Professor Noah Fields Drake,' then of Leland Stanford 
University, from a study of the remarkable earthquake records of 
China for the last 4,000 years, decided that it was plain that earth- 
quakes vary with rainfall, there being more quakes with more 


'1Drake, Noah Fields, ‘‘ Destructive Earthquakes in China,’’ Bull. Seis. Soc. 


Amer., vol. 2, No. 1, pp. 40-91, 1912. 
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rainfall. In 1913 the writer? found that, taking the earth as a 
whole, there seemed to be more quakes during rainy periods than 
during dry ones. In 1914 Dr. Stephen Taber* showed conclusively 
that in the region around Charleston, S.C., earthquakes and rain- 
fall are related. In the area studied by Dr. Taber there has been 
an earthquake, on the average, every other month since the big 
Charleston earthquake of 1886. The results in the Charleston and 
Summerville area were so conclusive that it does not seem improb- 
able that the great weight in rainfall, ground water and air pressure 
taken off of New England, New York and Quebec has played its 
part in the shocks of January 7 and February 28, notwithstanding 
the fact that a drought is concerned rather than high water. 
Visher* has recently given instances of the concurrence of tropical 
cyclones and earthquakes. The large number of cases of this kind 
makes it impossible to ignore low barometric pressures in the study 
of earthquakes. It is the rainfall factor which should receive more 
consideration. 

Note.—Since writing the above observations, the Montana 
earthquake of June 27 has occurred. It is noteworthy that 
Montana has been suffering for some time from a deficiency of 
precipitation. 


The University Museum, 
Cambridge, Massachusetts. 


*Sayles, R. W., ‘‘ Earthquakes and Rainfall,’ Bull. Seis. Soc. Amer., vol. 3, 
No. 2, pp. 51-56, 1913. 

*Taber, Stephen, Seismic Activity in the Atlantic Coastal Plain near Charleston, 
S.C., vol. 4, No. 3, pp. 108-160, 1914. 

‘Visher, Stephen, “Tropical Cyclones and Earthquakes,” Bull. Seis. Soc. 
Amer., vol. 14, No. 3, pp. 181-184, 1925. 
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A FINE AURORA 
By J. A. PEARCE 


An aurora of the first class was observed at Victoria, B. C., on 
the evening of September 20th. The beginning of the display was 
noted at 9.05 p.m. P.C.T., the north-north-eastern horizon being 
illuminated by a fairly strong glow. 

It was not observed again until 10.35 p.m. At this time, a strong 
arc, in azimuth 22 degrees and altitude 35 degrees, covered the 
sky, coming well down but not touching the horizon. The area 
below the arc was quite dark, while above, the intensity of the light 
shaded off. Over, and concentric with this are was a bright band 
at an altitude of 65 degrees. The upper edge of the band was 
almost as well defined as the lower border. These arcs were fairly 
quiescent. The colour was uniformly a pale yellow. Luminous 
patches appeared at times in the eastern and north-western skies 
at altitudes of 30 to 35 degrees. These showed little change and 
lasted only 2 or 3 minutes. 

The intensity steadily increased. At 11 p.m. the diffuse glows 
south of the arcs became more numerous and very changeable. 
The colour of the main display was now a distinct yellow. At 
11.10 p.m. streamers appeared. They were rather stationary, show- 
ing little tendency to move in azimuth along the arc. A slow up- 
ward wavy motion along the streamers was observed. Their 
colour was yellow, and at times pale rose. Between 11.15 and 
11.20 a second band formed, passing from the east to the north- 
west, south of the observer. This band swept through the triangle 
of fourth magnitude stars in the constellation of Aquarius (pi, eta 
and gamma), on the celestial equator, culminating in altitude 40 
degrees. 

The streamers became more numerous and intense, those in the 
eastern and north-western skies being of a crimson colour, strong 
near the zenith. The phenomenon at its most brilliant period, 11.40 
p.m., was very interesting and impressive. At this time a fairly well 
defined corona formed at the focus of the streamers. The centre of 
the corona was estimated to be at the point 22h 58m, 32° 30’ in the 
constellation of Pegasus. This corresponds to an altitude of 73° 04’ 
35” and azimuth of 21° 26’ 52” at the time of the observation. 
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The aurora faded quite suddenly at 11.52 p.m., the sky becoming 


cence observed at the commencement. 

Three observations for the light of the night sky (as described in 
this issue of the JouRNAL, page 204) were made during the night. 
The results are tabulated below. 


The figures in the table represent the density of the neutral glass 
standard. The positive sign denotes that the skylight was brighter 
opacity of the glass, which is the ratio of the incident to transmitted 


the aurora; (2) when the display was quite brilliant; (3) under 
ordinary night conditions. Comparing No. 2 with No. 3 we see 
that at the time stated the red region of the spectrum was 4.5 times 
brighter than normal, the auroral region more than 22 times brighter, 
and the blue nearly 6 times brighter. No. 1 indicates that while the 
red and blue regions were practically normal for this locality the 
auroral line was twice as bright. 

The city lights of Victoria, 8 miles to the south of the observa- 


and haze, so that the aurora was observed under full-night con- 
ditions. 

Stars of the 5th but not the 6th magnitude were visible through 
the arcs and streamers. At no time was the aurora audible. 


Canada for 1917.0, issued by the Department of the Interior, the, 
approximate values of the declination and inclination here were 
estimated to be 23° 58’ E and 71° 9’, respectively. These give the 


A Fine Aurora 


except for a few scattered glows and the same pale lumines- 


Spectral Region 
Time Red Auroral Blue Observer 
20, 9.10 pm. —0.30 +0.35 +0.65 J. S. Plaskett 
20, 11.00 pm. +0.30 +1.45 +1.30 J. A. Pearce 
21, 300am. —0.35 +0.10 +0.55 J. A. Pearce 
red to equalize the filtered light of the sky and the radio-active 


the standard. The density is the common logarithm of the 


The observations were taken (1) at the commencement of 


were dimmed below their usual brilliancy by a layer of smoke 


om the charts showing the magnetic elements in Western 


ion of the magnetic zenith, and its distance from the centre of 


the corona by computation is found to be 1° 55’. 
Dominion Astrophysical Observatory, Victoria, B. C. 


Sept, 21, 1925. 
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ng THE RIDDLE OF ¢ PERSEI 
>S- 
By J. F. FrR&DETTE 
ht. 


HE star ¢ Persei (a= 1h. 37m.; §=50° 11’), known as a binary 
since 1902, has been the subject of four main investigations. 
Three of these were spectrographic investigations and, although 
independent of one another, were carried on at about the same 


ett time, each involving well over a hundred spectrograms. 

€ The first results published were by Cannon! at Ottawa in 1910, " 

e giving an orbit derived from measures of the hydrogen absorption ES 

ASS lines and also elements for a secondary disturbance to account for 

ive the abnormalities in the velocity curve. Also in 1910, Ludendorff,? 

ter at Potsdam, published a normal curve derived from the measures 

he of the Hy absorption line, as well as orbits of components I and II, 

ed derived from measures of the faint double absorption lines of the 

of metallic elements. In 1913 F. C. Jordan* at Allegheny published 

ler two velocity curves, one derived from the measures of the hydrogen 

see absorption lines Hy, Hé and He; the other from the measures of 

1es the hydrogen emission bands at Hy and Hé. 

er, The fourth investigation is of recent date and was made by - 

‘he Dr. W. J. S. Lockyer* at Sidmouth with a 9-inch prismatic camera, sit 

he his observations extending from September 1923 to April 1925. gt 

Each of these investigators has thrown considerable light on 

“_ this unusual binary system, but some of its phenomena appear still 

to be unexplained. 

ony The spectrum is given in the Henry Draper Catalogue as i 
EOp. On the Ottawa spectrograms the hydrogen emission at = 

eh HB, Hy, Hé and He appears as double bands separated by a narrow 


absorption, or rather as a broad band on which is superposed a 
narrow absorption; these pairs of bands increase in intensity in 


sine the order of their wave-lengths, to the extent that sometimes the 

ere ‘Journal R.A.S.C., 4, p. 195, 1910. i 
the 2A. N. 4442. 
of 3Pub. All. Obs., 3, p. 31, No. 5, 1913. 


4 Monthly Notices, 85, p. 580, 1925. 
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emission may even be absent at He and so strong at HB as to 
completely obliterate the central absorption. Hg is present 
occasionally, always as a dark line; two other dark lines, He \4472 
and Ca.(K), \3933.8, were also reported by Cannon as faint, while 
on plates secured here this year, the dark lines He 3964.9, Ca. 
3968.6, 44128 and 4584 were measured on a few occasions, 
4128 appearing on August 19th as consisting of two close com- 
ponents. 

The presence of the dark lines other than those of hydrogen 
depends largely on the phase and the character of the exposure, and 
in a series of graded exposures on the same night they may appear 
on one plate only. 

At certain phases the exposure time has also much to do with 
the apparent structure of the central absorption of the hydrogen 
bands, especially at Hy and. Hé. Under favourable conditions 
of contrast, which lie between narrow limits of exposure time, a 
complex structure is revealed suggesting the presence of two partly 
overlapping bands, giving a central zone sometimes considerably 
enhanced and sharply defined; at other times the violet side of the 
absorption is stronger than the red or vice versa, also with a 
fairly sharp demarcation line; intermediate varieties of structure 
occur as well. Peculiarities of this nature were also found by 
Ludendorff in Hy. These details of substructure, as we may call it, 
since they are concealed in the bulk of the plates, are undoubtedly 
responsible for the abnormally large number of excessive residuals 
to be found in each of the three investigations above mentioned. 

The general aspect of these lines—-intensity, sharpness and 


width—undergoes a continuous change through two equal cycles 
(63 days) during the period of radial velocity of 126.5 days. 

Dr. Lockyer’s important paper has brought out much new 
information on this star, and the method of attack he has initiated 
for arriving at the velocity of the central absorption with respect 
to the emission holds much promise for the investigation of stars of 
this class. 


Dr. Lockyer’s method consisted in the determination of the 
difference of intensity between the bright components of the 
hydrogen bands on photographs taken with the prismatic camera, 
the intensities being measured by means of a graduated wedge. 
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This independent method, free from the influence of ambiguity 
as to the position, wave-length, as well as the changing character 
of the central absorption, affords a most important check on the 
spectrographic results. 


One of the causes certainly at work in invalidating the spectro- 
graphic method in this case is a periodic photographic encroach- 
ment on the central absorption by the brighter of the emission 
components. If the intensity distribution in the emission bands 
be slightly unsymmetrical, the greater and prevalent shift of the 
absorption would be in the direction of the weaker half of the 
band. Even in the case of a symmetrical distribution, if there 
should be a considerable wave-length equation between absorption 
and emission, a prevalent photographic shift would also result. 


Immediately after Dr. Lockyer’s paper came to his attention, 
the writer decided to look over the old Ottawa plates in order to 
see whether a second investigation here offered prospects of being 
profitable. Some 50 of these old plates were remeasured; a 
comparison of these measures with Cannon's proved that the errors 
of measurement of the average plate were quite small. On the 
other hand, on some odd plates, the hydrogen absorption lines 
were found to be decidedly open to diverse interpretation. 


The star was put on our regular observing programme for a 
trial period beginning August Ist, with a view to studying the 
changes in the line structure responsible for the ambiguity in the 
measures at times. The above remarks on the spectrum concerning 
structure are supported by about a dozen plates taken on half as 
many nights. The hydrogen emission bands have been found 
measurable on only four plates out of about fifty. 


Pending the completion of observational data, the published 
velocities of Cannon, Ludendorff and Jordan were examined and 
compared. In each case it was noticed that a large number of 
excessive residuals was found. Although Cannon’s and Jordan’s 
curves of the hydrogen absorption velocities are almost identical, 
Ludendorfi’s has a much greater amplitude; there is also a range 
of 8 days in the epochs of maxima, showing the uncertainty existing 
in the determinations in spite of the large number of observations 
used in each investigation. 
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Having in mind the 21-day period suggested by Lockyer, it 
was thought that a combination of Cannon's and Jordan's velocities, 
and an arrangement into a larger number of normal places than 
had been done formerly, would possibly reveal in the normal curve 
ripples which a smaller number of normal places might have 
smoothed over. 


A list of velocities of @ Persei, so far unpublished, is here given. 


VELOCITIES OF @ PERSEI 


Julian Day | Velocity Wt. | Phase 

km. day 

2419795.5 +24.3 8 | 113.6 
796.5 | +27.1 8 114.6 
805.5 +49.7 123.6 
24200269 — 7.7 6 92.0 
033.8 7 98.9 
035.8 12 100.9 
040.8 + 7.8 6 105.9 
041.8 + 7.2 8 | 106.9 
044.8 + 5.2 4 109.9 
047.7 +19.3 7 112.8 
048.8 +21.8 6 113.9 
054.8 +26.6 6 119.9 
077.6 +39 4 16.2 
078.6 +12.2 6 17.2 
110.6 + 5.5 3 49.2 
115.7 | +7.9 3 54.3 
120.5 + 1.0 3 59.1 
124.6 o~ 49 3 | 63.2 
133.6 ~20.9 4 | 72.2 
134.5 —24.4 4 73.1 
138.6 —13.7 4 77.2 
145.6 —14.2 2 84.2 
155.5 2 94.1 
169.5 +12.1 4 108.1 
173.5 + 9.1 5 112.1 
176.6 422.4 6 115.2 
178.5 +24.4 7 117.1 
184.5 +35.0 5 123.1 
187.5 +40.2 8 126.1 
197.5 +37.3 4 9.6 
378.7 | —21.2 6 64.3 
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it Cannon and Jordan had both secured plates on the same dates snail 
es, on 21 occasions, and these observations were made the basis of 
an the adjustment of the two sets of velocities for the purpose of 
ve homogeneity. It should be noted that the Allegheny velocities 
ve had been derived from measures of Hy, Hé, and He, the velocities 
Km/sec 
n. +50 
+40 
+30 * 


weight 
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Fic. 1 

Top: The velocity curves. 

Shaded: Emission intensity. 

Bottom: Curve of mean weights. 


from Hé and He being corrected so as to give, on the average, the 
same velocity as that from Hy; the Ottawa velocities had been 
derived from H8, Hy, Hé, He and H¢é, or those of them which 
happened to be measurable, using the weighted mean in every case. 
A correction of +4.2 km./sec. was applied to all the Allegheny 
absorption velocities, and these were combined with ours, 276 in 
all, representing observations on 203 nights, distributed over 19 


an | 
/ \ 
+10 
Re. 
-20 


190 J. F. Frédette 


cycles between J.D. 2418152 and J.D. 2420378, the Allegheny 
contribution being 112 velocities and Ottawa's 164. The period 
of 126.5 days and Jordan’s epoch, J.D. 2418669.9, were adopted. 
The observations were grouped in 40 normal places which were 
used in plotting the velocity curve C shown by a full line (Fig. 1). 
This process of doubling the number of observations has somewhat 
smoothed the curve, but its main features have remained un- 


TABLE I.—THE NorMAL PLACES 


| Mean | Mean | | Mean | Mean | 
No. | Velocity | Phase | Wt. | No. | Velocity | Phase | Wt. 
| km. | days | km. | days 
1 | 445.8 | 126.1 73 21 | -10.0 | 58.5 | 37 
2 | +386 | 2.6 40 22 -13.4 | 63.8 42 
3 | +388 | 56 | 52 23 -11.3 | 67.0 | 37 
4 | 439.8 8.2 | 30 24 —20.1 | 73.4 37 
5 | +23.2 1.7 | 22 25 -20.2 | 76.9 | 22 
6 | +9.4 15.1 | 29 26 -14.8 | 80.4 28 
7 | 17.5 44 27 -16.2 83.9 | 30 
8s | -0.9 210 | 49 28 -12.8 | 86.7 | 28 
9 — 2.6 23.9 | & | @ -—12.1 | 90.7 37 
10 | —6.0 | 23 | 40 | 30 | -12.4 | 93.3 | 48 
11 —3.1 | 2.7 | 44 | 31 -10.9 | 97.8 | 65 
12 | | 32.3 66 | 32 -11.2 | 99.5 | 58 
13 | +44 | 35.0 | 85 | 33 +2.0 | 103.9 | 34 
4 | +19] 38.0 | 43 | 34 + 5.0 | 106.2 | 31 
i | +1.7 | 41.8 | 46 | 35 +13.0 | 108.8 | 48 
16 00 | 43.6 | 55 | 36 417.4 | 112.2 | 43 
17 | +07 | 464 | 52 | 37 +22.4 | 114.3 | 64 
49.9 52 | 38 +30.0 | 116.4 | 59 
19 | — 4.6 62.7 | 36 | 39 +35.0 | 121.2 | 26 
20 | — 8.7 55.8 | 60 | 40 +38.9 | 123.7 | 29 


changed—a ripple or ‘“‘still-stand” at phase 3° to 8°, a secondary 
maximum at 34° and another at 87° to 98’—and the residuals 
from the normal curve have not been materially improved. In 
Table II are tabulated the residuals falling in the cycles containing 
the greater number of observations. There seems to be a tendency 
for those of one sign to congregate in one or the other half of the 
period. The mean residual for the individual cycles shows little 
evidence of any change in the centre-of-mass velocity. 
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TABLE II.—RESIDUALS FROM THE NORMAL CURVE 


Phase J.D. of the Origin of Cycle 


days 2418416.9 | 2418543.4 2418922.9 |2419302.4/2420061 .4 
Oto 4 +1,-—2 + 4 — 5 
4 8 0 +3 +3, —9 
12 —¢ +17 
12 16 +15, +1 +0, 
16 20 +1,+5 — 8/+4,-7 
24 28 + 3, + 2, +4 -1,-6 
28 32 0,- 1 +2,+3 —6,-8 
32-36 + 6, + 2, +4|-6, +11, —7 +1 
36 40 — §& +1 
40 44 +12 0, 0,+3 
44 48 I+ 6, + 2, +6 —10 0, -3 
48 52 +3 \+ 3.43 +3 0 7 
+4 2.48 -4, 14 
56 60 1,- 4 +3 
60 64 | | +8 
6468 | + 6 
68 72 in 
72 76 +10 |+3, + 6 
7 4, +10, —5 +15 
si-% 8 
88 92|+18,4+ 1 
92 96 
100/-4,4+2 |-1,4+1 3 
100 104 +10 
104 108 |— 6, — 4,43 
119 116 /— 3,+ 2 +1 +9,+ 2 
116 120 +4 
120 124/- 5 
124 0 ae 0 + 6 
Mean +1.8 +0.9 —1.6 —0.6 —0.7 


The weights were grouped in 20 normal places, and used in 
plotting the curve of mean weights, (Fig. 1, bottom)—representing 
intense and narrow lines, whereas the minima correspond to 
sharpness, intensity and width—The maxima correspond to sharp, 
broad, weak lines with diffuse borders. It is not, however, intended 
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to convey the idea that any one of these characters is changing 
with marked uniformity; the continuous curve of mean weights 
is rather the result of their combined effect on the measures. 

It is very remarkable that this curve should have a period of 
63 days, or half that of the velocity curve, and that the maxima 
correspond in phase to the intersection of the velocity curves of 
Ludendorff's components I and II referred to above, while the 
minima correspond in phase to the maximum separation of Luden- 
dorff’s curves. This appears to establish that in the case of the 
hydrogen, at least the absorption is double, corroboration being 
furnished by the contributory evidence of duplicity found by 
the writer in the structure of these lines. In fact, a single hydrogen 
absorption would seem inexplicable in a composite spectrum of 
early class B, but one component might be unresolved owing to 
its relative weakness. 

Lockyer’s curve of intensity differences of the H8 emission 
components (Fig. 2, bottom) indicates unmistakably by its sym- 
metry with respect to the zero line, that a velocity curve from the 
emission bands should have very nearly the same mean velocity 
as that from the central absorption; and this is what would natur- 
ally be expected, assuming that the emission has its source in only 
one of the components of the binary system and whether the 
central absorption originates in one or the other, or both. More- 
over, Lockyer’s curve shows that no important shift of the hydrogen 
absorption can be assigned to tidal or pulsation effects. 

Fortunately, Jordan had been able to measure the displacements 
of some of the hydrogen emission bands on 97 of the Allegheny 
plates by setting the micrometer wire on the two edges of the 
bright band and taking the mean. His velocities from the emission, 
corrected by +4.2 km./sec. for homogeneity, were grouped in 
20 normal places; subtracting from each of these the corresponding 
absorption velocity scaled from the normal curve C (Fig. 1) we 
derive the curve of velocity differences, emission-absorption (Fig. 2, 
top) which is the counterpart of Lockyer’s curve of intensity 
differences, red-violet (Fig. 2, bottom). 

The curve of velocity differences, in striking contrast with 
Lockyer’s, falls almost altogether below the zero line, thus showing 
that there must be an equation of wave-length involved between 
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absorption and emission amounting to from 12 to 14 km./sec. 
The question arises, what share of this correction should be assigned 
to the emission or the absorption? Obviously, the very nature of 
the emission bands suggests that they might be responsible for the 
whole discrepancy but this, perhaps, should not be taken for 
granted. 
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Top: Velocity differences, emission-absorption. 
Bottom: Intensity differences of the HB components. 


It is found, however, that by applying a systematic correction 
of +8 km./sec. to the emission velocities (altogether +12.2 to 
Jordan's values), and plotting them along with the velocities of 
Ludendorff’s component II referred to a common epoch, the two 
sets of velocities are in very good agreement considering the 
probable errors of the measures. 
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Further, when Ludendorff’s velocities of component I are also 
plotted, we discover a different periodicity in the distribution of 
the velocities of components I and II. In the case of component I 
they all cluster about the trough and crest of the curve, while 
those of component II are rather distributed inversely as the 
intensity of the emission throughout the period, indicating that a 
slight emission takes place there periodically and smothers the 
absorption from component I as well about the time of crossing the 
line of sight. 

These considerations leave no doubt as to the source of the 
emission. It all emanates from the photosphere of component IT, 


This uneven distribution of the velocities results in considerable 
uncertainty as to the intersection points of the velocity curves of 
primary and secondary. On the assumption of circular orbits, 
Ludendorff places these points at 39° and 101°, while Lockyer's 
curve indicates them at about 31° and 93°. 

Ludendorff’s velocities of component II and Jordan’s emission 
velocities (corrected by +12.2 km./sec.) were combined and 
grouped into 13 normal places from which a new velocity curve for 
component II was obtained, shown by a dotted line, B (Fig. 1). 

That of component I is also partly shown by dash-and-dot, A 
(Fig. 1),—whether a combination of such heterogeneous material is 
justified, however, is open to question, and at least the descending 
branch of the curve is very uncertain. 


The general trend of the emission intensity, as gauged from a 
mere inspection of the spectrograms, is also illustrated in Figure 1 
by a shaded strip of varying width. All this information has been 
included in Figure 1—perhaps at the expense of clearness—with 
a view to help visualize the phenomena responsible for the striking 
peculiarities of curve C and its departure from curve B. 


If we compromise about the intersection points of curves A and 
B, and accept the values of 33° and 96° respectively (intermediate 
between Lockyer’s and Ludendorff’s), we find that the irregularities 
in curve C are about symmetrically placed with respect to them, 
suggesting as one of the underlying causes, the influence of a weak 
absorption line, /,, from component I gradually blending the main 
absorption, /,, from component II which is superposed on the 
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emission, slightly to the red, and is, of course, stationary with 
respect to it. 

An unsymmetrical position of /, with respect to the emission, 
together with the presence of /;, seems to be the key to the explana- 
tion of the whole discrepancy between curves B and C. This 
unsymmetrical position of J, with respect to emission would have 
two distinct effects: (a) causing /, to appear stronger on its red 
side than on the violet; (b) a photographic effect causing the violet 
side of lz to be encroached upon by the image of the brighter emission 
component. These two effects being functions of the emission 
intensity would be nil at 13% and about 70°, and curves B and C 
should then coincide, provided the influence of /, is not felt. Like- 
wise, their maximum combined effect should occur in the neigh- 
bourhood of 36° and 112%, 

Let us now follow the interaction of these two causes throughout 
the period. From 8° to about 13° the decreasing emission intensity 
causes a sudden widening of /2 with residual effect to the violet; 
1, has no influence, at first because too far in the violet and lost in 
the bright emission and later because of failing contrast. From 
13° to 33°, with increasing emission intensity, (a@) and (b) become 
more effective, but /;, emerging on the violet side, is gradually 
blending J, and counteracting (a) and (b); at 26° the differential 
effect is a maximum oscillation to the violet. At 33° the influence 
of 1, is reversed, but the combined action of the two causes passes 
a rapid maximum to gradually decline, owing to the falling off of 
the emission intensity, and curves B and C coincide at 744, 

After the minimum intensity of emission is passed, /; is gradually 
blending /, and the effects (a) and (b) become operative also, 
explaining again the reversal in curve C at 96° in the same way as 
that occurring at 33°. The fact that the influence of effects (a) 
and (b) is so pronounced from 105% to 8° is due to a long inter- 
mission in the action of /,, it being soon gradually lost in the violet 
component of the prevailing strong emission. 

One of the side-lights of this explanation is that it accounts 
for the excessive residuals mentioned earlier in this paper. About 
the trough or the ascending branch of the curve of emission in- 
tensity, minor fluctuations of intensity result in the influence of J; 
as well as effects (a) and (b) not being uniformly varying quantities, 
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the question of contrast being important, and it is significant to 
find that out of 13 non-systematic residuals ranging from 11 to 
20 km., 11 or 85% of them occur at phases 84 to 34° and 75° to 
96°. 

In the spectrographic investigation of stars of this class uni- 
formity in sharpness of focus at the individual lines is of exceptional 
importance and, on this score, it is suggested that for a study 
based solely on the hydrogen lines, the substitution of a somewhat 
stiff film—the film-holder being made to conform to the focal 
curve—for the photographic plate might be a step in the right 
direction. With the latter, the focus being a matter of compromise, 
a number of factors enter in the exposure, affecting diversely 
different regions of the spectrum and making for a more or less 
inconsistent behaviour of the lines among themselves. 

The question of the variation in the emission intensity of 
component II is bound up with that of the amount and shifting 
position of the absorption of component I, and apparently cannot 
be elucidated until we come into possession of more accurate 
knowledge of the orbital elements together with a light curve. 


Dominion Observatory, Ottawa. 
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THE INTERNATIONAL ASTRONOMICAL UNION AT 
CAMBRIDGE 


By F. HENROTEAU 


Eliane International Astronomical Union held its third meeting 

at Cambridge, England, from July 14th to July 22nd, 1925. 
The first meeting was in Brussels in 1919, at which time the Union 
was organized, and the second gathering was at Rome in 1922, on 
which occasion Canada, was represented by the late Dr. Klotz, 
director of the Dominion Observatory. 

Of the twenty-two countries in the Union twenty were repre- 
sented at the meeting in Cambridge. Over two hundred official 
astronomers from all parts of the world were present. 

Canada was represented by Dr. Chant and Professor McLennan 
from the University of Toronto, Director R. Meldrum Stewart and 
Dr. F. Henroteau from the Dominion Observatory, Ottawa, and 
Dr. J. S. Plaskett from the Victoria Observatory. 

Lord Balfour, the Chancellor of the University of Cambridge, 
opened the meeting in the Senate House. Addresses were given 
by Dr. W. W. Campbell, the President of the Union; Dr. J. H. 
Jeans, the President of the Royal Astronomical Society; Sir Frank 
Dyson, the Astronomer Royal; and Professor H. F. Newall, 
director of the Astrophysical Observatory, Cambridge. 

Dr. A. Wolfer was appointed vice-president for the meeting in 
the absence of Professor K. Hirayama; also Dr. G. Abetti, Dr. H. 
Chrétien, Lieut.-Col. F. Stratton and Dr. F. Henroteau were -made 
recorders for the meeting. 

Needless to say, the extremely animated discussions in the 
English and French languages produced decisive results. 

It was agreed that the Julian days should have the same 
definition as formerly, beginning at midday. 

In order to complete the cycle of observations around the world 
the erection of a solar observatory in Japan was urged; also was 
mentioned the need of creating a central observatory for eclipses, 
and attention was drawn to the fact that records of solar promin- 
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ences have not been published since the time of Dr. Ricco, director 
of the observatory at Catania. 

France and Italy expressed the hope to complete their zones of 
the Carte du Ciel in eight years’ time or less. The Astronomical 
Union urged rapid prosecution of the work on the Carte du Ciel 
in general. 

A grant of 6000 frs. was made to Dr. Aitken of Lick Observatory 
for clerical work of the Double Star Bureau, to further the work 
of completing Burnham’s General Catalogue. 

Important work on the Cepheid variables was arranged, 
involving a research programme to be carried out simultaneously 
at observatories in different longitudes. 

A new catalogue was suggested of the brighter and larger 
nebulae and globular clusters, illustrated by plates; the system 
adopted for classification would be purely descriptive. 

Observatories with suitable instruments were asked to secure 
photographs of meteors during the three annual showers, the 
Perseids, Orionids and Geminids. 

As a result of earnest discussions concerning the reception of 
central Powers into the Union, Anglo-Saxon, Spanish, Scandinavian, 
and a number of neutral countries, favoured acceptance, while 
other countries withheld their consent until the central Powers 
should join the League of Nations. 

Short lectures and results of recent researches were given in the 
auditorium of the Botany School on Downing Street. 

Dr. Shapley, director of Harvard College Observatory, displayed 
unusual photographs of meteor trails seeming to indicate that the 
bodies producing them were rotating rapidly as they entered our 
atmosphere. 

Dr. J. Evershed, formerly director of Kodaikanal Observatory, 
India, exhibited remarkable photographs of solar spectra and 
spectroheliograms. 

Dr. Slipher, director of Lowell Observatory, brought photo- 
graphs of Mars taken last year showing many of the so-called canals 
as well as changes in the Martian cloud formations. A significant 
result is the similarity shown by two photographs taken with the 
Lowell telescope, one of a small drawing of Mars placed at a great 
distance, and the other of the planet itself. 
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The director of Van Vleck Observatory, Dr. Slocum, presented 
interesting data regarding the recent solar eclipse, the path of 
which passed over his own place. 

Professor Luplau-Janssen, director of the Urania Observatory 
at Copenhagen, showed results of research on the variation of spots 
on Jupiter. 

Professor Hertzsprung suggested a possible relation existing 
between periods and shapes of light-curves in Cepheid variables. 

Photographs of laboratory spectra were exhibited by Professor 
Nagaoka of Japan, and especially interesting was the account of 
his research work in transforming mercury into gold. 

The Cambridge Philosophical Society held a meeting at the 
lecture theatre of the Botany School on July twentieth, where two 
memorable lectures were given. 

In the first lecture, on ‘‘The Structure of Light,’’ the Master 
of Trinity College, Sir J. J. Thomson, explained a new radiation 
theory of the greatest possibilities. 

The second lecture was ‘The Internal Constitution of the 
Stars’’ by Professor A. S. Eddington. He arrived at the amazing 
conclusion that the densities of gases in some stars may be con- 
siderable, a hypothesis which observations have a tendency to 
verify in the companion of Sirius, the gases of which have a com- 
puted density approximating 60,000 times that of water! A shift 
of the spectral lines of this companion corresponding to the 
theoretical displacement deduced from  Einstein’s theory of 
relativity, for a body of such density was measured recently by 
Professor Adams at Mt. Wilson. 

A most impressive ceremony in the Hall of the Senate House 
on July 21st was the granting of honorary degrees, Doctor Honoris 
Causa, by the University of Cambridge to five distinguished 
scientists. Those so honoured were: Dr. W. W. Campbell, 
President of the University of California; Dr. B. Baillaud, Director 
of the Paris Observatory; Professor W. de Sitter, of the University 
of Leiden; Professor H. Nagaoka of Japan; and Dr. F. Schlesinger, 
Director of the Yale Observatory. 

Aside from the scientific work at the International Union, the 
astronomers present will recall with keen appreciation the wonder- 
ful hospitality extended to them by the University of Cambridge. 


: 
ao 
| 
| 
| 
| 
| 
| 
| 


200 


The International Astronomical Union 


The historical charm of environment was enhanced in every 
way for the enjoyment of those guests from other countries; the 
traditions surrounding Trinity College and places as ancient 
created an atmosphere not to be duplicated anywhere in the world. 
Here Sir Isaac Newton, one of the greatest astronomers who ever 
lived, studied and taught. 

Every morning the astronomers wandered through the quaint 
old streets of Cambridge, each with an identifying star on his 
lapel. Later, in the reception room in the Arts School, conversation 
in many languages could be heard. 

At the two Cambridge observatories charming garden parties 
were given on July 15th; Professor and Miss Eddington received at 
one observatory while at the other Professor and Mrs. Newall 
welcomed the guests. 

There were evening receptions on successive days by the 
Masters of St. John’s, Sidney Sussex and Queen’s Colleges; the 
homes of the Masters were thrown open to the visitors, and their 
illuminated English gardens made magic for the fortunate guests. 

One of the most delightful occasions was an organ recital in 
the old chapel of Trinity College by Dr. Alan Gray. 

A banquet, given by the Master and Fellows of Trinity College 
to members of the Union, closed the festivities. 

At the invitation of the Dutch Government, the next meeting 
of the Union was arranged to take place in Holland in 1928. 

Professor De Sitter was elected president of the Union, to 
succeed Dr. W. W. Campbell. The vice-presidents are Professors 
Cerulli, Deslandres, Eddington, Hirayama and Schlesinger, while 
Lieut-.Col. Stratton was appointed general secretary, to succeed 
Professor A. Fowler. The committees of the Union were appointed 
for the next three years, including new committees on stellar 
statistics and solar parallax. 


Dominion Observatory, 
Ottawa, Canada. 
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INTERNATIONAL CO-OPERATION FOR THE STUDY 
OF CEPHEID VARIABLES 


By F. HENROTEAU and H. GROUILLER 


MORE intimate knowledge concerning the nature and con- 
stitution of giant stars would have the greatest value for a 
better understanding of stellar evolution, and also for determining 
the dimensions of our sidereal Universe and other external forma- 
tions. Among these giant stars the Cepheids are of primary 
importance; and their presence in spiral nebulae, as recently dis- 
covered at Mt. Wilson, is a major fact to be reckoned with in the 
attempt to measure extra-galactic worlds. 

The cause of their light variation, however, is still an enigma; 
the numerous theories proposed merely expose the precarious basis 
of our knowledge of the Cepheids, since the observations do not 
form a sufficiently homogeneous whole. 

The short duration of their periods, from one to ten days, 
introduces difficulty in obtaining definite results. Owing to the 
interruptions due to daylight and uncertain weather conditions it is 
often impossible to collect from one observatory data sufficient to 
furnish complete light-curves of Cepheids during individual cycles. 
On account of this difficulty most light-curves obtained are merely 
mean curves, which combine the observations of several cycles 
and do not give a precise idea as to the nature of the phenomena 
involved and their important peculiarities. 

Disturbing facts were noted when variations from cycle to cycle 
were detected in the light curves of RR Lyrae, RW Draconis, 
XX Cygni and other stars. It is a question whether all Cepheids 
present similar variations. Are the successive amplitudes or the 
secondary oscillations always the same? Do they change from 
cycle to cycle? Many questions remain unanswered so long as 
well-co-ordinated international co-operation has not been arranged. 
A group of observers well distributed in longitude around the 
world, and using similar methods of observation, could easily 
follow succeeding cycles of light variation and define the individual 
characteristics of these cycles. 
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Until recently great confusion existed in photometric scales, 
making it impossible to give definite physical interpretation to the 
results. But the time has come, with the improvement in determin- 
ing photometric scales, when homogeneous measures of magnitude 
can be made at different observatories. 


Moreover, to have an approximate idea of spectral variations, 
impossible to obtain directly in faint Cepheids, simultaneous visual 
and photographic light-curves of the same variables are needed. 


During the late meetings of the International Astronomical 
Union at Cambridge the committee on variable stars concentrated 
attention on these problems, and the formation of groups of observers 
studying Cepheids and collaborating in different longitudes was 
approved. 


Suggestions have been made by the Bulletin de l’Observatoire de 
Lyon' as far as visual observations are concerned and photographic 
observations, methods and instruments have been studied at 
Ottawa.2. Only a few technical details remain to be perfected to 
complete the organization of two groups of observers dealing 
respectively with the visual and the photographic magnitudes. 

Each group will undertake two different pieces of work. The 
first will consist of determining the magnitudes of the variables 
relatively to certain comparison stars, using inexpensive instru- 
ments; the importance of these measures will lie in their being 
made with great continuity; they could be made by professional 
astronomers and by some amateurs having sufficient time at their 
disposal. The second will deal with determination of the magni- 
tudes of the selected comparison stars as accurately as possible; 
this piece of work can be performed only by specialists in modern 
methods of stellar photometry, using modern telescopes. 


A nucleus of organization for these groups has already been 
formed, and the visual and photographic observations will be 
centralized and discussed respectively at Lyons and at Ottawa; 
abstracts of the results will appear in the Bulletin de l’Observatoire 
de Lyon, while detailed observations will be published at Ottawa 
and possibly elsewhere. Further information concerning the 

1Vol. 4, Sept. 1922, pp. 107-109. 

2Dom. Obs. Publ., Vol. 9, pp. 64-66. 
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organization will be published in a later article as the details are 
not yet definitely settled. 

However, the fundamentals of the organization are sufficiently 
well established to make an appeal to those observers who might 
be interested in a co-operative programme, as mentioned in this 
article, and who would be willing to take an active part in such 
researches. It is essential to have observers in widely different 
longitudes, and the need of them in western North America and 
Asia is especially felt. 

Thus the co-operation is asked of persons well versed in astro- 
nomical photometry, who have or might purchase small telescopes 
or short-focus cameras, and willing to devote considerable time to 
securing numerous but relatively easy observations. Their work 
would give results of extraordinary value and be of immense interest 
in trying to solve some of the greatest problems of the Universe. 


Ottawa and Lyons Observatories. 
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A CO-OPERATIVE SCHEME FOR OBSERVING THE 
LUMINOSITY OF THE NIGHT SKY 


By J. A. PEARCE 


In 1895 Dr. W. W. Campbell* drew attention to the fact that it is 
possible to see the principal line in the aurora spectrum on almost 
any dark clear night, and in 1919 Dr. V. M. Slipher? demonstrated 
the almost continuous presence of auroral light in the sky by 
photographing its spectrum. More recently the systematic observa- 
tions of Lord Rayleigh on the light of the night sky= have further 
demonstrated that the aurora light w.]. 5578 is always present in the 
sky in temperate latitudes. The intensity of the light of this region, 
and of the red and blue regions adjacent, show considerable varia- 
tion relative to a standard source and to one another. The variations 
are far too large to be explained by changes in atmospheric trans- 
parency. 

Lord Rayleigh has given the name of “non-polar aurora” to this 
light, w.l. 5578, since, in striking contrast to the polar aurora, it is 
always present, is uniform over the entire sky, and apparently occurs 
all over the world. He suggests that the light is of a phosphorescent 
nature analogous to the luminosity of the luminous sulphides, being 
excited by day and carried round into the dark hemisphere by the 
rotation of the earth. 

During the past year observations taken by Babcock at Pasadena 
indicate that the auroral region is on the mean 2.5 times brighter 
in California than in England, but the variation at the two places 
do not show any close correspondence. 

The co-operative scheme provides for the observations being taken 
at 12 stations differing widely in longitude and latitude. The lumin- 
osity will be determined on every clear moonless night throughout 


*Astrophysical Journal, vol. 2, p. 162, 1895. 
tAstrophysical Journal, vol. 49, p. 266, 1919. 
tProc. Roy. Soc. A., vol. 106, p. 117, 1924. 
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the year, and possibly may be continued throughout a sun-spot 
cycle of 12 years. Twelve instruments, identical with the one 
described below, have been constructed in Lord Rayleigh’s labora- 
tory and compared with one another and with a master standard. 
One of these, Dr. Plaskett brought with him on his return from 
the Cambridge meeting of the International Astronomical Union, 
and with it observations have been made during the past two weeks 
by the staff of the Observatory. The distribution of the other in- 
struments is not known to the writer. 

For the purpose of the investigation the light of the sky is divided 
into three spectral regions by suitable filters. The middle region is 
that of the green aurora line, and the other two are regions in the 
red and blue, each excluding this line. The apparatus consists of a 
photometer by means of which the light of the night sky filtered 
through one of the colour screens is matched against the light of a 
self-luminous radio-active substance. The standard source is a 
sealed tube of potassium uranyl sulphate, which to the dark-adapted 
eye appears as a grey luminescence. The tube and a Lummer cube 
are placed in a small box, in one end of which is a lens of 2-in. focal 
length, focussed upon the dividing line of the two luminous fields. 
The observer views the cube through the lens and sees on one side 
the light of the standard transmitted through the Lummer cube, and 
adjacent to this field, the filtered light of the night sky reflected by 
the Lummer cube. A series of 7 neutral-tinted glasses of progress- 
ing density is provided, so that by placing an appropriate glass over 
the window in the cover of the box, the filtered light may be pre- 
cisely matched with that of the standard. If the standard light is 
the brighter, the neutral glass is inserted between the standard and 
the Lummer cube. 

The aurora filter transmits a narrow region of the spectrum from 
w.l. 5470 to w.l. 5670, with the aurora line approximately in the 
centre. Some red light also gets through, but to the dark-adapted 
eye this light is invisible. The red and blue filters transmit as much 
as possible of their respective regions, excluding the aurora line. 

The observations are taken on each clear moonless night, with the 
sun at least 18 degrees below the horizon, i.e., under full-night con- 
ditions. The instrument is directed so that the light of the celestial 
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pole is incident upon the window in the cover of the box, this region 
being selected in order to avoid the Milky Way. The observations 
are quickly and easily taken, and since the luminosity may be accur- 
ately determined by this method, it is expected that the collated 
results of the 12 stations will enable Lord Rayleigh to form more 
definite conclusions regarding the variations of the light of the night 
sky. 


D. A. O., Victoria, B. C. 
Sept. 22, 1925. 
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THE PORTLAND MEETING OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCEMENT OF 
SCIENCE 


By J. A. PEARCE 


HE ninth annual meeting of the Pacific Division in conjunction 

with the summer session of the A.A.A.S. (eightieth meeting), 
was held in Reed College, Portland, Ore., from June 17th to June 
20th, during the week of the Annual Rose Festival for which the 
city is noted. About 200 delegates from the 25 societies affiliated 
with the Pacific Division attended the conference, Canada being 
represented by a dozen scientists, principally from British Columbia. 


The five General Sessions consisted of: 

1. The Research Conference following the luncheon on Wednes- 
day, June 17. 

2. The Symposium on Forestry, Wednesday afternoon and the 
three evening lectures. 

3. The Climate of the Ice Age—Dr. C. E. Grunsky, Pres. of the 
California Academy of Science. 

4. The Cause of Volcanic Explosions—Dr. A. L. Day, Director 
of the Geophysical Laboratory of the Carnegie Institution of 
Washington. 

5. The Appeal of Science to the Community—Dr. Alexander 
Findlay, University of Aberdeen. 

Full programmes were conducted by the various sections. The 
astronomical papers presented before the Astronomical Society of 
the Pacific were as follows: 


Thursday Morning 


1. A Study of the Gravitational Displacement of the Spectral 
Lines in the Companion of Sirius. W. S. Adams. 

2. The Parallaxes and Radial Velocities of Dwarf Stars of the 
K and M types. W.S. Adams and A. H. Joy. 

3. The Binary Systems Krueger 60 and Beta 581. R. G. Aitken. 
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10. 


11. 


12. 


13. 


14. 


15. 
16. 
17. 
18. 
19. 


20. 
21. 


J. A. Pearce 


. The Radial Velocity and Spectrum of W. Virginis. A. H. Joy. 
. Interferometer Notes II1[—Measures of the Spectroscopic 


Binary Star Mizar. F. G. Pease. 
Some Notes on Spectroscopic Binaries. W. E. Harper. 


. A Massive B-Type Double-lined Binary. J. A. Pearce. 
. Two Interesting B-type Binaries. J. S. Plaskett. 
. The Recent New Comets. A. O. Leuschner. 


Comet 1924 d (Wolf) 
1925 a (Shajn) 
1925 b (Reid) 
1925 c (Orkisz) 


Thursday Afternoon 


A General Analysis of the Known Cosmical Velocities. G. 
Stromberg. 

Spectrographic Observations of Nebulae and Clusters. V. M. 
Slipher. 

On the Determination of the Systematic Errors in the Boss 
Proper Motions in Declination. P. van de Kamp. 
Measurements of the Radiation from the Corona. E. Pettit 
and S. B. Nicholson. 

Observations on the Spectrum of the 1905 Corona. E. F. 
Carpenter. 


Friday Morning 


Joint Session with the American Meteorological Society 
Photograph of Shadow Bands at the Eclipse of January 24, 
1925. A. E. Douglass. 

An Attempt to Detect Water-vapour and Oxygen Lines in the 
Spectrum of Mars with the Registering Microphotometer. 
W. S. Adams and C. E. St. John. 

Seasonal Behaviour of the Polar Caps of Mars. E. C. Slipher. 
Observed Changes on Mars and their Significance. E. C. 
Slipher. 

A Photographic Study of Mars. W. H. Wright. 

Observations of Mars. R. Trumpler. 

On Atmospheric Electricity and the Instruments for its 
Measurement. S. J. Mauchly. 
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Among the other sections we note the following papers presented 
by members of the R.A.S.C. and other Canadians: 

Seismology: The St. Lawrence Earthquake of February 28, 1925 

E. A. Hodgson. 

Meteorology: The Climate of British Columbia. F. N. Denison. 
Forestry: The Logger’s Hazard in its Relation to Fire Weather. 

C. S. Cowan. 

Forest Entomology and Forest Management. J. M. 
Swaine. 

Through the courtesy of the United States Forest Service 
Officials in Portland the members were invited to visit either the 
Wind River Forest Experimental Station or the Hood River 
Experimental Station. The former excursion comprised a motor 
trip of approximately 200 miles up the picturesque Columbia River 
Highway to the Columbia National Forest, where it was planned 
to spend two days in a survey of the planting experiments and fire 
studies in progress there. The latter trip, of interest chiefly to 
horticulturists and entomologists, included an inspection of the 
orchards in the Hood River Valley, an overnight stop at the foot 
of Mount Hood and a return via the new Mount Hood Loop road 
on Sunday. 

The Local Committee, of which Prof. A. A. Knowlton was 
chairman, is to be congratulated on their efficient arrangements for 
the accommodation and entertainment of the members of the 
Association. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


THE Society’s GENERAL TREASURER 


During the past summer the Congregational, Methodist and 
Presbyterian Churches in Canada were amalgamated into the 
United Church of Canada. This is a very important and significant 
event and will have far-reaching results. Mr. H. W. Barker, who 
has been treasurer of the Society for many years, before the union 
was in charge of the publications of the Congregational Church, 
and now is a member of the Board of Managers as well as of the 
Board of Editors of The New Outlook, the chief organ of the United 
Church. During July Mr. Barker—otherwise ‘‘Rekrab the 
Scribe’’—contributed two entertaining articles on the summer 
sky, and we hope he may continue to use his pen in the good cause 
of amateur astronomy. 


FURTHER VERIFICATION OF THE EINSTEIN THEORY 


A very clever verification of the Einstein theory was recently 
made at the Mount Wilson Observatory. One of the predictions 
made by Einstein was that, when light is emitted from a body 
which produces a strong gravitational field, the lines of its spectrum 
will be displaced towards the red, or the wave-lengths will be 
increased. This test was applied to the light from the sun by 
St. John and others, who reported that the predicted effect had 
been observed. But the amount of the displacement is so small, 
and it is so confused with displacements due to other causes, that 
the result was announced with some reserve. The evidence was 
strongly favourable but not decisively so. 

It is evident that to exhibit the greatest displacement of the 
spectrum lines the radiating body should have a great mass and a 
small radius. Now the companion to Sirius fulfils these conditions. 
Its mass is two-fifths that of Sirius, although it emits only one 
twelve-thousandth as much light. From its spectral type FO its 
temperature is estimated to be about 8000°, which, considered 
along with its known distance from us, allows an estimation of its 
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size. Eddington finds the body to have a radius of 19,600 km., 
three times that of the earth; and, taking its mass to be 85 per 
cent. of that of our sun, he deduces its density to be 53,000 times 
that of water. In other words, a pint of its substance should 
weigh over thirty tons! This seems fantastic, but when we 
remember that the high temperature within a star removes the 
outer portions of the atoms and thus reduces the space occupied 
by them, the result is not so unbelievable. Eddington computed 
that the shift of the lines should correspond to a velocity of 20 km. 
per sec. 


It appeared then that this little star would be able to furnish 
important evidence, and Dr. Adams undertook the investigation. 
It is at once clear that to secure a good spectrogram of this ninth- 
magnitude body ‘s a matter of great difficulty. The mighty Sirius 
is less than 10” away, and its light floods the slit of the spectroscope 
when the attempt is made to obtain the spectrum of the faint 
companion. But by means of the 100-inch reflector four usable 
spectrograms were obtained. These were submitted to measure- 
ment in several ways, and the final determined result was a dis- 
placement of 21 km. per sec., which is remarkably close to the value 
predicted by Eddington. 


Thus the evidence in support of Einstein's theory becomes 
continually stronger, and the essential correctness of the principles 
enunciated by him can now hardly be doubted. 


MAny BRILLIANT AURORAL DISPLAYS 


On another page in this issue are found observations by Mr. J. 
A. Pearce, of the Dominion Astrophysical Observatory, Victoria, 
B.C., on a splendid aurora observed by him on the evening of 
September 20th. 


Capt. Robinson of the Canadian Pacific S.S. Empress of Canada, 
which docked at Victoria at 7 a.m. on September 21st, reported 
that at 11 o’clock on the previous evening the rails of the big liner 
were lined by all on board watching an unusually bright display of 
the northern lights. Few of the officers on the ship had ever 
witnessed a more remarkable display. 
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Mr. A. F. Hunter, of Toronto, at 1.30 a.m. September 21 
(which would be 10.30 p.m. September 20 at Victoria), also ob- 
served a fine display. 

Mr. J. R. Collins, of Toronto, saw an aurora at 9 p.m. on the 
next day, September 22. 

The present writer sailed from Greenock at noon September 
12th, and on the evenings of the 14th and the 16th fine auroral 
displays were seen, in both cases covering nearly all of the northern 
sky and much of the southern portion as well. On the latter 
evening at one time curtains with the lower edge exhibiting the 
colour of permanganate of potash solution were seen. 

Mr. J. W. Melson reported that at the University of Toronto 
Summer Survey Camp, near Gull Lake, in Haliburton Co., 
Ontario, a brilliant aurora was visible at 7.30 p.m. on the 14th. 
Streamers and curtains reached to the zenith. 

Mr. W. E. W. Jackson, of the Meteorological Service, who was 
in Alberta superintending the erection of a suitable building at 
Meanook for improved self-recording magnetic instruments to be 
installed next year, reports a splendid aurora seen at Edmonton on 
September Ist. His description follows: 


From 8.30 to 9 p.m., 105th meridian time, I had the pleasure of witnessing 
from the grounds of the Macdonald Hotel, Edmonton, a most wonderful display 
of the northern lights. Wandering out on to the terrace at 8.30, I was struck by 
a pearly glow in the sky to the southeastward which I was sure was not cloud, 
as the remainder of the sky was clear and the moon was almost on the meridian. 

Whilst still wondering what it could be, and watching it at the same time, 
it began to spread upward and open out into the curtain form of the aurora. 
It moved upwards and toward the north and west in a leisurely sort of way 
with a gradual increase of brightness at what might be spoken of as the folds 
in the curtain. At this time the curtain appeared about 10° in depth, faint on 
the upper edge and occasionally tinged with a faint orange glow at the lower and 
then again increasing in brightness until the brighter stars in Cassiopeia, which 
were at times covered by it, were obscured from view. 

Streamers then began to extend upwards to an apex, estimated about 
5° north of Alpha Lyrae, and after a few minutes of flashing about the apex, 
that particular curtain would fade away to be followed by others which, as before, 
started in the southeast and moved in the same general direction. 

This continued until after 9 p.m. At one time I counted four distinct 
curtains in the sky. With so active a display of the aurora it is likely that the 
terrestrial magnetic forces would be highly disturbed, and it will be interesting 
to see if this was so when the magnetic records of our observatories are available. 
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BALL LIGHTNING 


One of the mysteries remaining to be solved is the nature of 
the phenomenon known as Ball Lightning. There is no question 
regarding the reality of it, but it has so many variations in its 
appearance and behaviour that we are quite at a loss to explain it. 
In Flammarion’s well-known book, Thunder and Lightning, some 
remarkable examples are described. 


In the Ottawa Citizen for September 21st, 1925, was a descrip- 
tion of the visit of one of these strange objects to a farm a few miles 
from that city, with the usual number of peculiar features attending 
it. Following is the account of the occurrence as given by the 
newspaper: 


Mr. Thomas Watters, of West Templeton, a well-known farmer of that 
district, and Mr. Michael Power of Perkins Mills, who is employed by Mr. 
Watters, were struck by lightning a few days ago in one of the bad storms of 
the past week, and both had a miraculous escape from death. 


Mr. Watters’ farm is a mile east of Gatineau Point and about a mile back 
from the Ottawa river. When the storm came up, Mr. Watters and Mr. Power 
took refuge in an old log barn some two hundred yards from the homestead. 
The front door of the barn was open, but the rear was closed. Mr. Watters sat 
on a log, just inside the open door of the barn, watching the storm, while Power 
sat on the opposite side of the door. 


Suddenly a big ball of fire appeared in the sky, and descending, hit the 
end of the log on which Mr. Watters was sitting. The log was splintered to 
kindling wood. The ball of fire seemed to circle about the inside of the barn, 
and then it knocked out some dozen hoards at the far end of the barn from which 
it entered, and disappeared. Although Power was not in actual contact with 
the lightning bolt, the force of the electricity threw him out into the field, perhaps 
fifteen feet from where he was sitting. 


Power recovered after some minutes and managed to make his way to the 
house. However, he was so far gone that it was a considerable time before he om 
was able to make known what had happened. Mrs. Barbara Watters, the 
mother, and Miss Maude Watters, the sister, then made their way through the 
storm to the barn, where Mr. Watters was found lying unconscious and blackened. 
It was over eight hours before he regained the slightest consciousness, and then 
he again collapsed. Doctors were summoned from Gatineau Point and the 
asistance of neighbours was obtained through use of the telephone. Mr. Watters’ 
hair was singed, and for a time he was partially paralyzed, but he is now on a fair 
way to recovery. 
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Mr. Power suffered from the shock for a day or so, but is now all right. 
The doctors stated that had not Mr. Watters been in excellent health and the 


possessor of a fine constitution, and a very strong man, he would undoubtedly 
have been killed. 


Astrange feature of the occurrence is that the barn did not catch fire although 
there are marks of the scorching in several places. The barn was partially filled 
with hay. 


TELLING THE TIME BY THE STARS 


Boy Scouts, Tuxis and other similar organizations of boys and 
girls have long wanted a suitable method of telling the time by the 
stars. Many attempts have been made to solve this problem, 
but the writer has not learned of any simple solution. 


Recently Science Service described a method devised by Dr. 
Charles C. Wylie, of the University of Ohio, in co-operation with 
Dr. W. W. Merrymon, of Bloomfield, N.J., by which solar time 
can be estimated within fifteen minutes by looking at the northern 
sky. It is, of course, based on the gain of sidereal time over solar 
time of about two hours per month, beginning at the spring equinox 
when the two times agree. 


“Consider the northern sky as a huge clock face,” says Dr. 
Wylie, ‘““with the Polar Star at the centre and the pointers of the 
Dipper as the hour hand. The numeral six will be directly below 
the Pole Star and twelve directly above. Then read the indicated 
time. With a little practice this can be done to the nearest quarter 
hour. To this figure add the number of months that have elapsed 
since January first, to the nearest quarter month; double this, 
and subtract the result from sixteen and a quarter. If the result 
is more than sixteen and a quarter, subtract this result from forty 
and a quarter. This answer is the time in hours P.M.” 


As an example, take an evening late in September. The 
pointers are in the position of a clock hour hand at seven o'clock. 
Eight and three-quarters months have elapsed since New Year's 
day, which is added to seven, making fifteen and three-quarters. 
Doubled, this is thirty-one and a half, which, subtracted from 
forty and a quarter, gives eight and three quarters, or 8.45 p.m. 
This is solar time and, of course, does not take daylight saving 
time into consideration. 
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Strupies OF Mars. 


At the recent meeting of the American Astronomical Society 
interesting observations of the planet Mars were reported by Dr. 
C. E. St. John of the Mt. Wilson Observatory, California, and Mr. 
E. C. Slipher and Dr. C. O. Lampland of the Lowell Observatory, 
Flagstaff, Arizona. These are summarized by James Stokley, in 


SCIENCE SERVICE. 


Dr. St. John learned of the Martian drought by means of the spectroscope 
mounted on the great 100-inch telescope. He stated that if Mars has any 
inhabitants, they must be able to get along on about one twentieth of the 
water one finds on the tops of the semi-desert mountains in southern 
California. 

When light passes through a substance, certain colours are absorbed, and 
what these colours are can be learned by means of the spectroscope. 
Specifically, light passing through water vapor of a certain density will 
always be absorbed in the same way. By catching the light from the 
planet with the great reflector and analyzing it with the spectroscope, Dr. 
St. John was able to determine the amount of moisture in the Martian 
atmosphere. 

There was a possible source of error in the absorbing effect of water 
vapor in the earth’s own atmosphere. This was corrected by taking 
spectrographic pictures of the sky. When the absorbing effect shown in 
these was subtracted from the total in the plates from the planet, the 
remainder represented the absorption in the atmosphere on Mars. This 
proved to be only five per cent. as great as the absorption of the very dry 
atmosphere above the summit of Mt. Wilson, indicating that the surface 
of Mars must be highly arid. 

Measured by the same method, the amount of oxygen on the neighbouring 
planet also is relatively very low; according to Dr. St. John, it is only 
60 per cent. as great as the oxygen supply on Mt. Everest, where exploring 
expeditions have had to resort to the use of oxygen tanks in order to keep 
alive. 

Though deficient in water and oxygen, there is no doubt that Mars still 
possesses an atmosphere. E. C. Slipher of the Lowell Observatory at 
Flagstaff, Arizona, showed that photographs made with red-light filters 
made the planet appear larger and showed greater detail than those made 
with blue-light filters. Red light is known to have greater powers of 
penetration through the atmosphere than blue; so that the photographs 
would tend to indicate the presence of an atmosphere on Mars. 

Mars is more thrifty than the earth of the radiation it receives from 
the sun, according to Dr. C. O. Lampland, who, using the Coblentz radio- 
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meter, found that though Mars receives less energy from the sun it absorbs 
all but 15 per cent. of what it receives, whereas the earth reflects nearly 
half of the light and heat falling on it. The temperature of Mars, Dr. 
Lampland concludes, may not be greatly different from that of the earth. 
Dr. Lampland has also studied the planet Mercury with the radiometer, 
but finds Venus unapproachable because of its dense envelope of presumably 
cloudy atmosphere. 


ca 


CORRECTIONS TO MR. J. A. PEARCE’S PAPER 


Page 153, 3rd line from bottom, read “to the inverse ratio of the masses, 
ki __ m2 ” 
/ hs = 
Page 155, Omit the note under Table I, namely, ‘“*The amplitude, etc.”’ 
Page 162, line 9, for “surface temperature”’ read ‘‘surface brightness.” 
Page 162, line 21, for 31-6" read ‘‘31.6.”’ 
Page 165, line 10, for ‘0’’.00048” read ‘‘0’’.000048.” 
At the heading of the even-numbered pages for “Pierce’’ read “‘Pearce.”’ 
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